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Cosmology with
 Fermi-LAT

Preliminary!



Galaxy Evolution and CosmologyGalaxy Evolution and Cosmology
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Extragalactic Background LightExtragalactic Background Light

z = 0



Ilustration: Nina McCurdy & Joel Primack

Gamma-ray AttenuationGamma-ray Attenuation

Telescopes: Fermi-LAT and 
Imaging Atmospheric 
Cherenkov Telescopes 

(IACTs)

Pair-production interaction

Extragalactic source:
e.g. Blazar

Blazars: AGNs emitting at all wavelength
with energetic jets pointing towards us.

Reverse of most known electron-positron
annhilation process



Ilustration: Nina McCurdy & Joel Primack

EBL photon density evolution

Gamma-ray AttenuationGamma-ray Attenuation

See Domínguez & Prada 13,
Biteau & Williams 15

 distance   cross section



Desai+ (in prep.)

Optical Depths from Gamma-ray dataOptical Depths from Gamma-ray data

Abdollahi+ 18

Marco Ajello’s talk on Wednesday Abhishek Desai’s poster #12

Preliminary



EBL model compatibility with Gamma-ray dataEBL model compatibility with Gamma-ray data

Abdollahi+ 18

Somehow these two models bracket the EBL uncertainties that are compatible with gamma-ray attenuation



Measuring HMeasuring H
00 with Gamma-ray attenuation with Gamma-ray attenuation

Domínguez+ 
(in prep.)

Preliminary



Measuring HMeasuring H
00 with Gamma-ray attenuation with Gamma-ray attenuation

Domínguez+ 
(in prep.)

Uncertainties include stats + sys 
(approx. 2.3% level)

Preliminary



Comparison with other MethodologiesComparison with other Methodologies

Preliminary

Domínguez+ 
(in prep.)

Combination of 
techniques is important 
to control systematics



Results: Only Gamma RaysResults: Only Gamma Rays

Domínguez+ 
(in prep.)

Preliminary

Domínguez+ 11
Finke+ 10



Results: Only Gamma RaysResults: Only Gamma Rays

Domínguez+ 
(in prep.)

Preliminary

H
0
= 66.2

-4.3
+4.8 km/s/Mpc

ΩΩmm
 < 0.35 (2sigma)Uncertainties include stats + sys 

(approx. 6.7% level in H
0
)



Results: Combined with other MethodologiesResults: Combined with other Methodologies

Domínguez+ 
(in prep.)

Preliminary



Results: Combined with other MethodologiesResults: Combined with other Methodologies

Domínguez+ 
(in prep.)

Preliminary

H
0
= 66.0 ± 1.6 km/s/Mpc

ΩΩmm
 = 0.29 ± 0.02



SummarySummary

- Measurements of gamma-ray attenuation can be used to 
extract cosmological information: novel and independent 
technique

- These latest optical-depth measurements, both from Fermi-LAT 
and Cherenkov telescopes, have been used to search for the H

0
 

and ΩΩmm
 values

- We obtain H
0
 = 66.4 

– 2.3
 + 1.5 km/Mpc/s (fixing WM=0.27) 

compatible with the lower end of Hubble constant measurement 
from other methodologies

- First attempt of measuring simultaneously H
0 
and ΩΩmm

 with 

gamma rays leading to ΩΩmm
< 0.35 (2sigma)



BackupBackup



EBL models: Finke+ 10EBL models: Finke+ 10



EBL models: Domínguez+ 11EBL models: Domínguez+ 11

Total: 5986 galaxies

EGS field

0.7 sq. deg.

SED fitting

Galaxy luminosity function
rest-frame K-band, Cirasuolo+ 10



Optical depth dependence with ΩOptical depth dependence with Ω
mm

For a fixed h (h=0.7), the figure shows the maximum variation of tau with ΩΩmm
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Optical depth dependence with ΩOptical depth dependence with Ω
mm

For a fixed h (h=0.7), the figure shows the maximum variation of tau with ΩΩmm
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